Objective: The aim of this study was to verify the effects of hormone therapy (HT) on recurrence in endometrial cancer (EC) survivors using the Korean Health Insurance Review and Assessment Service (HIRA) database. Methods: Using the HIRA claims database, we identified all Korean women who were newly diagnosed with EC and underwent surgical staging between 2010 and 2013. Patient characteristics such as age, HT exposure, lymphadenectomy, and adjuvant therapy were evaluated. Cox proportional hazards models were used to estimate the adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for the recurrence of EC. Results: The mean follow-up time of all 5,667 eligible patients was 47.5 months. Of these, 847 (14.9%) received HT. Recurrence was seen in 446 (7.8%) patients. Univariate analysis revealed an increased recurrence rate in patients older than 50 years (HR=2.05; 95% CI=1.62-2.63), patients with high-risk EC (HR=24.51; 95% CI=18.63-32.35), and patients who underwent lymphadenectomy (HR=1.52; 95% CI=1.21-2.03), and a reduced recurrence rate in patients who received HT (HR=0.62; 95% CI=0.46-0.83). Multivariate analysis confirmed the significant increase in recurrence in patients older than 50 years (HR=1.47; 95% CI=1.14-1.89) and in patients with high-risk EC (HR=23.90; 95% CI=18.12-31.51). HT did not increase the recurrence rate of EC (HR=0.81; 95% CI=0.31-2.10). Conclusion: This study demonstrates that HT does not increase disease recurrence in EC survivors, despite lack of data that could affect the outcome.
INTRODUCTION
Endometrial cancer (EC) is the most common cancer of the female genital tract throughout the world. More than 500,000 women are diagnosed with EC annually. In Korea, the incidence of EC increased by 6.9% between 1999 and 2010, and about 2,900 patients were diagnosed with uterine cancer (loosely referred to as EC) in 2018 [1, 2] . The standard therapy for EC is staging surgery including a total hysterectomy and bilateral salpingo-oophorectomy (BSO). Although EC primarily affects postmenopausal women, 25% of cases occur in premenopausal women, and 5% occur in women under the age of 40 years [3] . Radical surgery, chemotherapy, and/or radiation result in loss of ovarian function and menopausal symptoms such as hot flashes, mood lability, vaginal dryness, and pelvic soft tissue atrophy. In addition, menopausal women are more likely to develop osteoporosis and cardiovascular disease. The most effective treatment for menopausal symptoms is hormone therapy (HT) [4] .
Author Contributions
Although HT is highly effective in improving menopausal symptoms, women with a history of EC are usually denied this therapy because EC is considered an estrogen-dependent neoplasm [5, 6] . Although several studies have been performed in this field, the effect of HT in EC survivors remains controversial [7] [8] [9] . Most of them have been retrospective studies with small sample sizes, and one randomized clinical trial (RCT) was prematurely closed [8, [10] [11] [12] [13] . In addition, most of the studies were performed in patients with stage I and II EC only. In Korea, there has been survey study and retrospective case-controlled study about HT prescription practices for EC survivors [14, 15] .
Our aim in this study was to determine the effects of HT on recurrence in Korean EC survivors for the first time, using data from the Korean Health Insurance Review and Assessment Service (HIRA) database.
MATERIALS AND METHODS

Healthcare system in Korea
In 2000, the health insurance systems in Korea were merged into a single system run by the National Health Insurance Service (NHIS). Consequently, most people living in Korea are insured by the NHIS. Study data were collected from the Korean National Health Insurance (KNHI) claims database from 2007-2015. In Korea, 97% of the population is obligated to enroll in the KNHI program; the remaining 3% are under the Medical Aid Program [16] . HIRA is a government-affiliated organization that performs claims review and quality assessment for the KNHI. Data for the remaining 3% of the population covered by the Medical Aid Program are also reported to the HIRA. Therefore, the HIRA claims database contains information on all claims for approximately 50 million Koreans. Nearly all the information about the volume of a disease can be obtained from this centralized database, with the exception of procedures not covered by insurance, such as cosmetic surgery. The claims data of HIRA include patient diagnosis, treatment, procedures, surgical history, and prescription drugs, which are a valuable resource for clinical research. However, HIRA data are not complete and do not include medical records such as laboratory results and cancer stage.
Study population
A flowchart of patient enrollment is shown in Fig. 1 . Using the HIRA claims database, we identified all Korean women who were newly diagnosed with EC (C54.1) and underwent surgical staging (hysterectomy+BSO±pelvic/paraaortic lymphadenectomy) between January 1, 2010 and December 31, 2015. Exclusion criteria were women who received HT prior to diagnosis, women who had not undergone surgical staging, and women who underwent robotic surgery. The reason for excluding robotic surgery is lack of information because robotic surgery is not covered by national insurance. Patients diagnosed with EC in 2014 and 2015 were excluded from the analysis of recurrence due to the short follow-up period. This study was approved by the Institutional Review Board of Korea University Medical Center (KUGH16334-001).
Outcomes
Using HIRA data, it is not known whether the patient has recurred, but it can be verified whether the patient has received additional treatment. Therefore, recurrence was assessed based on the time of radiation or chemotherapy after surgical staging in this study. The definition of recurrence was based on a three-month follow-up period, because recurrence was assessed every three months in patients with EC [17] . First, we assessed whether the patient had undergone an adjuvant treatment. If no radiation or chemotherapy was given within 3 months after surgery, the patients were classified into the no adjuvant treatment group. Patients who underwent radiation or chemotherapy within 3 months after surgery were classified into the adjuvant treatment group. Recurrence was defined as having received radiation or chemotherapy 3 months after completion of first-line treatment; first-line treatment means surgery in cases of the no adjuvant treatment group but surgery and radiation and/or chemotherapy in cases of the adjuvant treatment group.
Measurement of patients' characteristics
Characteristics such as age, postoperative HT exposure, lymph node assessment at surgery, and adjuvant therapy (chemotherapy and radiotherapy [RT]) were obtained from the HIRA claims database. The disease stage was not available in the HIRA claims database. In accordance with the National Comprehensive Cancer Network (NCCN) Guidelines for 2018, adjuvant therapy was selected based on a combination of characteristics, including surgical stage, grade, and risk factors (advanced age, lymphovascular space invasion, tumor size, depth of invasion, etc.). Radiation therapy was recommended for all patients, except those with International Federation of Gynecology and Obstetrics (FIGO) stage IA grade 1 or 2 lesions and those with stage IB grade 1 lesions without risk factors [17] . Chemotherapy has been used primarily as an adjuvant treatment for patients with advanced endometrial carcinoma [18] . Therefore, patients who did not receive adjuvant treatment or who underwent adjuvant radiation therapy were considered to have non-high-risk EC, and patients who received chemotherapy were considered to have high-risk EC.
Statistical analysis
Continuous and categorical variables were expressed as means±SDs and percentages, respectively. Clinical characteristics were compared by the t-test for continuous variables and the χ 2 test for categorical variables. Cox proportional hazards models were used to estimate the adjusted hazard ratios (HRs) and 95% confidence intervals (CIs) for the recurrence of EC. All tests were two-sided, and p-values <0.05 were considered statistically significant. Statistical analysis was performed with SAS Enterprise Guide version 6.1 (SAS Institute Inc., Cary, NC, USA).
RESULTS
From 2010 to 2015, 8,746 Korean patients were diagnosed with EC and underwent surgery. As shown in Table 1 , the number of patients with EC increased from 1,241 in 2010 to 1,573 in 2015. Overall, 13% of the patients received HT. From 2010 to 2015, the number of patients who were newly diagnosed with EC and underwent surgery exhibited an increasing trend. This trend was particularly evident in patients over 50 years of age. The number of patients with EC was 26.8% greater in 2015 than in 2010. In 2015, about 28% of these patients were under the age of 50. Table 2 displays the clinical characteristics of patients with EC. The patients who received HT were younger (age <50: 48% vs. 26%, p<0.001), underwent fewer lymphadenectomies (76% vs. 79%, p=0.051), and received less adjuvant therapy (23% vs. 31%, p<0.001) than patients who did not receive HT. This can be attributed to the more frequent administration of HT in patients with early-stage EC. The most frequently used type of HT was tibolone (32%), followed by progesterone only (30%), estrogen only (22%), and estrogen plus progesterone (16%). HIRA claims data were analyzed for 5,667 patients who were diagnosed with EC and underwent surgery from 2010 to 2013, while the data for patients diagnosed in 2014 and 2015 were excluded. The mean follow-up period of this study was 47.5±14.0 months, and the mean interval from surgery to HT was 11.0±10.8 months. The mean duration of HT was 15.7±15.5 months in patients with recurrent disease and 23.7±18.7 months in patients without recurrence. Of the patients included in this analysis, 847 (14.9%) received HT, while 4,820 did not receive HT. Recurrence was observed in 446 patients (7.8%), including 50 patients (5.9%) who received HT and 396 patients (8.2%) who did not receive HT. Multivariate analysis confirmed the significant increase in recurrence in patients older than 50 years (HR=1.47; 95% CI=1.14-1.89; p=0.003) and in patients with high-risk EC (HR=23.90; 95% CI=18.12-31.51; p<0.001). HT did not increase the recurrence rate of EC (HR=0.81; 95% CI=0.31-2.10; p=0.662), and the recurrence rate did not differ according to type of HT ( Table 4) .
As shown in
DISCUSSION
This was the first large-scale population study in Korea to examine the effects of HT in EC survivors. To our knowledge, this is the largest study including patients in early stages as well as those with advanced disease. There was no significant increase in the disease recurrence Hormone therapy in endometrial cancer survivors rate in EC survivors who received HT. This pattern was also observed in the subgroup analysis stratified according to the type of HT and the severity of the disease.
The results of this study are consistent with previous literature. Several retrospective studies comparing HT use vs. non-use have been published, and none has demonstrated an increase in recurrence or mortality with HT prescription [19] [20] [21] [22] [23] [24] . The only RCT of HT vs. placebo treatment in women with early-stage EC reported no statistically significant difference between the two groups [13] . However, this study had several limitations. The study was closed prematurely after the publication of the Women's Health Initiative study [25] . The majority of the enrolled patients had well-differentiated endometrioid adenocarcinomas, 95% of the patients had stage I lesions, and the absolute recurrence rate was low (overall 2.1%; 1.9% in the placebo group and 2.3% in the estrogen replacement therapy group). A meta-analysis based on one RCT and five observational studies suggested that HT does not increase the risk of recurrence in women with FIGO stage I/II EC (risk of recurrence in the HT group: odds ratio=0.53; 95% CI=0.30-0.96) [26] . In addition, recent Korean retrospective case-controlled study has reported that postoperative HT with drospirenone/estradiol did not increase recurrence or mortality in stage I/II EC survivors [15] . In the present study, the recurrence rate was 7.8%, which was slightly lower than the previously reported recurrence rates of 10%-15% [27, 28] . The reasons for this result include the relatively short period of follow-up (47.5±14.0 months) and the exclusion of advancedstage patients who did not undergo surgery. Another possible reason is that patients who did not meet the definition of recurrence in this study were excluded from the analysis.
Due to the nature of the HIRA database, the disease stage, which is the most important factor for survival and recurrence analysis, was unknown. To overcome this issue, we stratified patients according to the type of adjuvant treatment in order to assign them to a particular FIGO stage. Thus, those with no adjuvant treatment or receiving radiation therapy were classified as non-highrisk EC, and those receiving chemotherapy were classified as high-risk EC.
It is crucial to know whether stratification of patients according to adjuvant therapy accurately reflects the FIGO stage of disease. Among patients with non-high-risk EC who either did not undergo adjuvant therapy or underwent RT in this study, 11.1% received RT such as brachytherapy and external beam radiation therapy, and the recurrence rate was 1.3% (median follow-up time 47.5 months). These results were very similar to the results of Gynecologic Oncology Group (GOG) 137 for stage I/II EC patients. In GOG 137, 8.1%-11.2% of patients underwent RT, and the recurrence rate was 2.1% (median follow-up time 35.7 months) [13] . In patients with high-risk EC who underwent adjuvant chemotherapy in the present study, the recurrence rate was 31.7%. In previous studies, the recurrence rates of advanced EC were similar to that of the present study, although there were differences in the follow-up periods and recurrence rates among the previous studies. Three RCTs comparing adjuvant chemotherapy vs. pelvic external beam RT in women with high-risk EC reported 5-year progression-free survival rates of 37% (FIGO stage IC grade 3 to stage III) and 20%-28% (FIGO stage I-III) [29, 30] . Recently, the PORTEC-3 study reported a 5-year recurrence rate of 25%-31% in high-risk EC patients (stage I grade 3 to stage III) [31] .
According to the 2017 HT position statement from the North American Menopause Society (NAMS), current data suggest that the recurrence and death rates of women who received HT among women with early-stage, low-risk EC (grade 1/2 endometrioid subtypes with negative estrogen and progesterone receptors) were similar to those who did not receive HT [32] . However, ET is not recommended for those with more advanced disease stages or higher-risk EC. In this study, the proportion of patients receiving adjuvant chemotherapy was 19.3%, of whom 10.6% underwent HT. HT including ET did not increase the recurrence of EC in patients with advanced disease. However, the stage distribution (especially for stages II, III and IV) and the sub-optimality of the surgery were not evaluated in this study. Therefore, the results should be interpreted with caution.
In the present study, the most common type of HT was tibolone (32%), followed by progesterone only (30%), estrogen only (22%), and estrogen plus progesterone (16%). These results are consistent with the results of a previous study. According to Lee et al. [14] , tibolone was the most commonly prescribed drug (61.7%), while estrogen-only prescriptions comprised just 18.5% of the total prescriptions. There were minor differences in the distribution of HT prescription types between the two studies, which may be due to the fact that the study of Lee et al. included only gynecologic oncologists. Although there was no difference in the recurrence of EC according to the HT type in this study, estrogen-only prescriptions should be avoided in patients with advanced EC, according to the NAMS guidelines.
In this study, the mean interval from surgery to HT was 11 months. The reason for the delay in HT after surgery may be adjuvant treatment or follow-up for recurrence. Previous studies have shown that mean disease-free interval varied between 1 and 15 months before HT [26] . The mean duration of HT in this study was 15 months, which was relatively short compared to the previous reports of 23-64 months [26] . This may be due to the way the duration of HT was measured in this study. In this study, the duration of HT was the period between the first and last prescriptions. Therefore, the duration of HT may be erroneously short, because the HT at the time of the last prescription was not included in the duration. For this reason, analysis of a dose-effect relationship was not performed according to duration of HT (1 year or 2 years).
This study had several limitations. First, there was a lack of clinical information such as stage, histologic type and grade, BMI, parity, oral contraceptive use, smoking history, physical activity, and procedures not covered by insurance such as robotic surgery. Second, because recurrence is not contained in the HIRA data, recurrence was defined as additional treatment after surgery. Therefore, recurrent or progressive patients who did not meet the definition of recurrence may have been excluded from this study. Although this indirect definition may cause bias, several previous studies using HIRA data also used this definition of recurrence. For example, recurrence was defined as additional surgery or chemotherapy after transurethral resection of a bladder tumor in a study of bladder cancer treatment patterns [33] . In addition, recurrence was defined as admission during follow-up after completion of initial treatment in a study of risk factors for schizophrenia recurrence [34] . Finally, since the information on HT duration from HIRA data was inaccurate, the dose dependent effect was not evaluated in the study. Moreover, although the mean duration of HT was almost two years in this study, it was not enough to assess the long-term effect of HT on recurrence in EC survivors.
Relatively short follow-up period, lack of data about medication adherence, and retrospective design are another limitations of this study. However, this is the first nationwide study evaluating the impact of HT on EC survivors with early-and advanced-stage EC in Korea.
In conclusion, postoperative HT did not increase disease recurrence in EC survivors. There was no significant difference in EC recurrence according to the type of HT. This study may support pre-existing evidence for HT in EC survivors suffering from menopausal symptoms.
